Background: There is evidence that adipokines have roles in brain functioning and cognitive decline. Objective: Assess the role of leptin and adiponectin levels in predicting changes in neuro-cognitive disorders (NCD). Methods: The study included 205 patients over 65 years of age presenting for a one-day hospitalization for current assessment of cognitive function. Peripheral blood leptin and adiponectin levels were measured at admission. Demographic variables, body mass index (BMI), and history of hypertension were also recorded. Cognitive function was assessed by the MiniMental State Examination (MMSE) at admission and at later scheduled visits over a median follow-up period of 14.5 months. Conventional univariate comparisons were made between diagnosis groups (Alzheimer's disease (AD), mild NCD, vascular/mixed dementia). Changes in MMSE scores over time were examined with regard to the above variables using a linear mixed model. Results: The mean BMI was significantly lower (by 2 kg/m², p = 0.01) in patients with AD than in patients with either mild-NCD or vascular/mixed dementia. Leptin levels were significantly higher (p = 0.043) and adiponectin levels significantly lower (p = 0.045) in patients with mild-NCD than in patients with major-NCD (AD or vascular/mixed dementia). However, the mixed model suggested no influence of the baseline levels of these two biomarkers on the course of cognitive decline. Conclusion: The present study confirms the associations between leptin and adiponectin and AD or AD-related disorders but did not confirm that these peptides may be used as predictive biomarkers of cognitive decline.
INTRODUCTION
The prevalence of Alzheimer's disease (AD) and related disorders is increasing together with the increase in life expectancy [1] . At the same time, in developed countries, metabolic syndrome and obesity are reaching epidemic proportions and contribute to multiple comorbidities [2] . However, a recent epidemiological survey of patients from the Framingham cohort followed-up since the 1970 s has suggested that the incidence of dementia is decreasing. This finding was only partly explained by a better control of most cardiovascular risk factors, with the exception of obesity and diabetes whose prevalences continue to increase over time [3] .
The association between body composition and the risk of dementia is complex and has raised many questions, especially with regards to obesity and the risk of cognitive decline. Central obesity and metabolic syndrome have been associated with changes in brain structure [4] , cognitive deficits [5] , and AD [6] . However, while higher adiposity in middle age seems to be associated with a higher risk of dementia [7] , a recent epidemiological study did not find this association [8] , which was also unclear in late-life obesity [9] . Moreover, late-life overweight and obesity could even be protective against the risk of dementia [10] . This is sometimes referred to as "the obesity paradox" [11] .
Conversely, weight-loss and under-nutrition are clearly associated with an increased risk of AD and related disorders [12] . Individuals with AD have low body weight [13] . However, even though AD can be accompanied by disturbed eating behaviors, it appears that a reduction in bodyweight may be seen nearly two decades before the diagnosis of AD [14] , or the expected onset of AD in patients with autosomal dominant mutations [15] .
These findings have led researchers to explore the possible mechanisms by which body composition can have an influence on the brain, as well as the neurological effects of diverse cell-signaling peptides implicated in the regulation of appetite and food intake [16] . Within this context, numerous studies have focused on adipokines in search for possible biomarkers of AD and therapeutic targets. The endocrine function of white adipose tissue (WAT) might provide clues to understanding the mechanisms that link adipose tissue with many aging-related neurodegenerative and vascular diseases [17] . WAT secretes hundreds of cell-signaling molecules known as adipokines among which we may cite leptin, adiponectin, inflammation cytokines (IL-6, TNF␣), and plasminogen activator-inhibitor 1 (PAI-1) [4] .
Among these adipokines, leptin (a fat-derived hormone secreted by adipocytes that regulates appetite and energy intake via hypothalamic signaling) has been the most studied [18] . There is growing evidence that leptin could have a role in the development and evolution of dementia [19] . In animal models, leptin has been shown to promote synaptogenesis and neurogenesis in the hippocampus [20] , reduce tau pathologies [21] , and promote memory performance tasks in mice [22] . Several studies in humans have suggested a possible association between leptin, dementia, and cognitive decline [23] , but their results are less consistent [24] .
Adiponectin is a hormone derived from visceral fat that influences the metabolism of glucose and lipids and sensitizes the body to insulin [25] . It has antiinflammatory and anti-atherogenic properties [26] . Unlike leptin, adiponectin secretion is inversely correlated with the body fat mass [17] . In vitro studies have shown a neuro-protective role for adiponectin [27] . However, adiponectin levels are inversely correlated with leptin [17] . Studies on the involvement of adiponectin in AD or its prodromal stages are only a few and had conflicting results [28] , but there is evidence that adiponectin levels are higher in patients with AD than in healthy controls [29] , especially in women.
Given the apparent complexity of energy intake regulation and its possible links with brain function and cognitive decline, it is important to better understand the way these elements interact with the brain and with each other. In this exploratory study carried out in current practice, we aimed to evaluate the predictive value of clinical and biological markers of body composition and nutritional status in establishing a final diagnosis of neuro-cognitive diseases and predicting the speed of cognitive decline, with a particular focus on leptin and adiponectin.
METHODS

Participants and setting
GERIOX cohort is an observational prospective monocentric study started in 2010 with the aim to evaluate the influence of oxidative stress and nutritional biomarkers on cognitive decline [30] . This study was conducted in current care at LyonSud university hospital (France) between March 2010 and February 2016. After an initial screening medical consultation, 205 patients with either cognitive decline or complaint of memory loss were referred to a day clinic for assessment of cognitive function as part of the usual routine. On this day, leptin and adiponectin levels were measured in addition to the standard blood tests usually required for such assessment in accordance with national guidelines [31] . The patients were then followed-up by regular visits at the memory clinic at approximately sixmonth intervals. Patients over 65 years of age at initial consultation and with at least one follow-up administration of Folstein's Mini-Mental State Examination (MMSE) [32] were considered and only patients with low French language proficiency were excluded.
Study design and data collection
This study was designed in two phases: 1) a final diagnosis study; 2) a longitudinal study of cognitive decline over all steps of follow-up.
The potential predictive factors considered in the two phases of the study were identical and limited to the factors accessible at initial clinical evaluation. These factors were: personal characteristics at admission (age, sex, weight, height, body mass index (BMI), history of hypertension, and leptin and adiponectin levels) and MMSE score at admission and at each further visit.
Blood sampling for leptin and adiponectin
The usual procedure consists in a peripheral venous puncture carried out between 8 and 9 AM after a 12-h overnight fast. Additional blood vials were collected for the purpose of measuring leptin and total adiponectin levels in serum. These measurements were by enzyme-linked immunosorbent assay (ELISA) using kits from BioVendor (Eurobio, Courtaboeuf, France) and R&D systems (Lille, France), respectively.
Study outcomes
For the final diagnosis study, each patient diagnosis was established by a panel of experts on the basis of all medical notes available at the last visit. The diagnosis made by the clinician in charge of each patient was retrieved from the medical files and analyzed retrospectively by a medical expert (TG or MHB) and a neuropsychologist (JYB). Divergent opinions were resolved by consensus.
The diagnosis of neuro-cognitive disorders (NCD) was based on the Diagnosis and Statistical Manual of Mental Disorders, fifth edition (DSM-V) [33] . Seven diagnosis groups were initially considered: "no NCD", "mild NCD", "Alzheimer disease", "mixed dementia" (i.e., Alzheimer disease with vascular involvement), "vascular dementia", Lewy bodies disease or Parkinson-disease-related dementia ("LBD or PD"), and "other or non-determined causes of NCD". The diagnosis of mild NCD was made according to the DSM-V criteria, irrespective of a possible etiology of cognitive impairment, when the patient showed mild cognitive impairment (MCI) as assessed by cognitive tests but remained independent in everyday activities as assessed by Katz and Lawton scales. This was extracted from the medical reports by the panel of experts.
In the second phase, differences in cognitive status (cognitive decline) with respect to each potential predictive factor was determined by successive MMSEs taken at each step of follow-up. The analysis considered the MMSE scores obtained at first consultation and at each further visit (together with the dates).
Statistical analysis
The baseline subject characteristics (collected at first consultation) were summarized as mean, standard deviation, minimum, maximum, and quartiles (quantitative variables) or as frequencies and percentages (qualitative variables).
For the final diagnosis study, each potential predictive factor was described in terms of means or proportions of each considered outcome and each diagnosis group. In univariate analyses, a homogeneity Chi-squared test was used for qualitative variables and a non-parametric Kruskal-Wallis test for quantitative variables.
For the longitudinal study of cognitive function during follow-up, a linear mixed model was used. This allowed taking into account the within-patient correlation between MMSE scores and the variability of MMSE score changes over time (the model used a random intercept and a random slope). The explanatory factors were: time elapsed since baseline consultation (expressed in six-month period) and six potential predictive factors as assessed at baseline: sex, age, history of hypertension, BMI, leptin level, and adiponectin level.
The introduction in the model of interaction terms between the time elapsed since baseline consultation and each of the two biomarkers made it possible to study differences in MMSE slopes at various biomarker levels. To ease interpretation, the values of quantitative variables were subtracted from the closest round number to their mean and divided by a convenient constant. Thus, the study used (age -80) divided by 10, (BMI -25) divided by 1, (leptin level -15) divided by 10, and (adiponectin level -15) divided by 5. All analyses were made with SAS software version 9.3. All statistical tests were bilateral and a 5% level of statistical significance was applied.
Ethics and funding source
All patients agreed to participate. This study was approved by the local ethics committee (CPP: Comité de Protection des Personnes) and declared to the CNIL (Commission Nationale Informatique et Libertés) to ensure protection and confidentiality of data. The reference number on http://www.clinicaltrials.gov is NCT02800395.
Biochemical assays were carried out with funds from Université Claude Bernard, Lyon 1. This study received no other funding.
RESULTS
The general characteristics of the study population are shown in Table 1 . The data concerned 205 participants: 134 women (65.4%) and 71 men. The mean age was close to 81 years and 61.6% (125/203) had history of hypertension. During follow-up, the median number of MMSE was 3 (mean 3.31; range: 1 to 10, 29 patients had only 1 MMSE). The median follow-up period for the 176 patients who had two MMSEs was 14.5 months (range: 2 days to 5 years).
The patients were divided into groups according to their final diagnosis: no NCD (11 cases), mild NCD (41 cases), AD (85 cases), mixed dementia (45 cases), vascular dementia (12 cases), LBD or PD (7 cases) and "other/non determined" (4 cases). Given the small sample sizes, "no NCD", "LBD or PD", and "other/non determined" groups were not considered in the analyses. In addition, groups "mixed dementia" and "vascular dementia" were merged into a "vascular/mixed dementia" group (57 cases). Thus, 183 patients were kept for analysis.
Relationships between final diagnosis and patient characteristics at baseline
The results of the final diagnosis study are shown in Table 2 . Patient with mild NCD or vascular/mixed dementia were more likely to have had hypertension than patients with AD of whom only 49% have had hypertension (p = 0.0001). The mean BMI was lower (by 2 kg/m²) in patients with AD than in patients with either mild-NCD or vascular/mixed dementia (p = 0.01). There was no statistical difference between the groups regarding sex or age.
Concerning the biomarkers, the mean leptin level was nearly the same in patients with AD and in those with vascular/mixed dementia (around 16 ng/mL) but was lower in patients in either of these two major NCDs than in patients with mild NCD (20.75 ng/mL) (p = 0.043). The mean adiponectin level was higher in patients with either AD or vascular/mixed dementia than in patients with mild NCD (p = 0.045). Furthermore, adiponectin levels were slightly higher in patients with AD than in patients with vascular/mixed dementia. Nevertheless, after adjustment on BMI, the differences in leptin levels between diagnostic groups were not significant (p = 0.43) and the differences in adiponectin levels were close to significance (p = 0.08).
Relationships between biomarker levels and cognitive decline over time
The results of the longitudinal study are shown in Table 3 . The effect of age was found statistically significant (p < 0.0001) and its size effect was not negligible. On average, the MMSE score decreased by 0.52 points per six-month period (Table 3) ; i.e., a 1.04 point decrease over a year. Besides, ten-year ageing relative to the age at inclusion was associated with a 1.52 point score reduction. Thus, past three years, a subject aged 65 years at inclusion will lose 3.12 (3x1.04) points and a subject aged 85 years at inclusion will lose 6.16 points; that is, 3.04 points (2x1.52) due to baseline age and 3.12 additional points due to 3-year ageing.
The levels of leptin and adiponectin at baseline had no effect on the MMSE score: leptin and adiponectin levels had no statistically significant impact on the decline of the MMSE score (resp., p = 0.45 and p = 0.76 in Table 3 ). However, the study of MMSE trajectories showed a wide variability between subjects regarding baseline MMSE score and MMSE score change over time. The plot of the predicted MMSE scores by patient according to the diagnosis at end of follow-up (based on the results of the mixed model) (Fig. 1) shows this strong variability. More precisely, the standard deviation (4.18) of the random intercept of the MMSE score at baseline was not negligible *Two patients had no MMSE at baseline but several MMSEs during follow-up. † Only values above the detection threshold for biomarkers are presented here; eight and three patients had levels below the detection limit of the dosage technique for leptin (<1 ng/mL) and adiponectin (<1 g/mL), respectively. compared to the mean (22.55) MMSE score at baseline. In addition, the standard deviation (0.58) of the random slope of decrease of the MMSE was close to the mean slope of MMSE (-0.52). This implies that the coefficient of variation (0.58/-0.52) of the slope of the MMSE was close to -1.
DISCUSSION
In this study, we aimed to evaluate the influence of clinical and biological indicators of body composition and nutritional status on the diagnosis and evolution of cognitive decline of older patients consulting or referred for cognitive decline. Considering an ultimate diagnosis made by medical and neuropsychological experts at the end of a follow-up period, we found higher leptin levels in patients with mild than with either of major NCDs and adiponectin lower either of major NCDs than in mild NCD. BMI was lower in the AD group than in mild-NCD and vascular/mixed dementia groups and there were no significant effects of baseline adipokine levels and BMI on MMSE scores during follow-up.
Body composition
The link between body composition and AD or related disorders has been widely studied in recent years. Individuals with AD tend to have low bodyweights [13] . Furthermore, AD can be associated with changes in eating behaviors (usually anorexia) and weight loss can precede cognitive impairment [14] . Weight loss is primarily due to sarcopenia and not to loss of fat. Although BMI presents the advantage of being simple to assess, it may not be a valid surrogate for obesity in older patients so that other measures of body composition should be considered [34] . Using the waist-to-hip ratio as measure of central obesity, Luchsinger et al. found that obesity is associated with a 2.5 HR of developing AD, whereas, in the same cohort of aged individuals, BMI was not associated with AD [35] . Waist-to-hip ratio would have helped interpreting adipokine levels which depend strongly on body composition and the level of fat mass. Unfortunately, we could not consider this ratio in our study because it is rarely documented in current care.
Central obesity and metabolic syndrome have been associated with changes in brain structure, cognitive deficits, and AD [4] . People with high midlife BMI or central adiposity measures have a two-fold higher risk of dementia in later life [7] . However, recent epidemiological studies conducted in older patients have shown conflicting results [36] and suggested even a lower risk of dementia with late-life increased BMI [10] . Evidence is now accumulating that latelife overweight and obesity could even be protective against the risk of dementia [11] .
In the present study, hypertension and BMI were the main cardiovascular risk factors examined. As expected, we found a strong association between hypertension and major-NCDs. This link was strong both in dementia with vascular involvement and AD, which corroborates the important influence of cardiovascular risk factors on the occurrence of AD [37] . Interestingly, we found that BMI at baseline was significantly lower (by 2 kg/m²) in patients with a final diagnosis of AD than in those with final diagnosis of vascular/mixed dementia or mild-NCD. This suggests that body composition influences the pathogenesis of AD with complex underlying mechanisms that are not just related to cardiovascular risk.
Insulin resistance and inflammation are important hallmarks of type 2 diabetes and may explain the association between diabetes and dementia [17] . Furthermore, the fact that obesity confers increased risk for AD during its preclinical stage suggests that obesity may modulate biological pathways early in the pathogenesis of AD [38] . Thus, adipokines and foodintake regulating hormones could help understanding the complex association between body composition and the pathogenesis of AD or related dementias.
Various mechanisms have been put forward such as inflammatory cascades, insulin-resistance, hyperinsulinism or even the formation of amyloid plaques in the brain [16] .
Leptin
Among various adipokines, the most studied is undoubtedly leptin. Leptin is mostly secreted by adipocytes and is able to cross the blood-brain barrier [19] . Leptin regulates body weight by modulating leptin-receptor-expressing neurons in the central nervous system, particularly within the hypothalamus and the brainstem [39] . However, leptin has pleiotropic metabolic effects. It regulates energy expenditure, feeding behavior, locomotor activity, bone mass, growth, thermogenesis, fertility, life span, adrenal function, and thyroid function (Reviewed in [38] ). Leptin receptors are present in the hippocampus and the cerebral cortex [40] . In vitro, leptin promotes neurogenesis in the hippocampus and reduces amyloid-␤ accumulation and Tau phosphorylation [41] . It has been also shown that leptin is able to reverse neuro-cognitive deficits and structural abnormalities in humans with congenital leptin deficiency [42] . Furthermore, animal models suggest that high leptin levels are associated with better memory task performance [22] .
Evidence from previous human studies suggests that leptin could play a protective role against dementia in patients with normal or high BMI but not in patients with low BMI in late life [19] . However, the type and distribution of fat mass are also important because high levels of leptin could be associated with better cognition only in subjects without central obesity [23] .
Leptin levels have been reported to be lower in individuals with AD than in age-matched healthy individuals [43] . This finding is difficult to interpret because weight loss is a familiar symptom of AD. In a prospective study of 785 participants, Lieb and colleagues showed that high circulating levels of leptin were associated with low incidence of dementia (except in individuals with BMI > 30) and associated with high total brain volume in the subset of participants who underwent MRI [44] .
In 2015, Oania and McEvoy studied baseline leptin levels in 352 American participants with MCI and found that leptin level was strongly correlated with BMI but not predictive of incident dementia over a 3-year follow-up period [24] . They concluded that leptin level, alone, might not be a robust identifier of patients at high risk of developing dementia and that associations of biomarkers might be needed [24] . Yet, a recently published replication study and metaanalysis supported the hypothesis that AD patients display lower levels of leptin and higher levels of adiponectin than controls [45] .
In the present study, even though the number of patients with no-NCD was too low to allow comparisons with healthy controls, we were able to show that leptin levels were also significantly higher in mild-NCD patients than in AD or vascular/mixed dementia patients.
The results that support a role for leptin in predicting the evolution of cognitive decline are still conflicting. Littlejohns et al. have recently released convincing results of a cohort study conducted on 809 aged patients free from dementia [46] . They found that high leptin levels at baseline were related with low risk of global cognitive decline. The results remained consistent after adjustment for potential confounders, including demographic variables, vascular risk factors and mid-life BMI. Furthermore, the association was the strongest in overweight participants with BMI between 25 and 30 kg/m 2 [46] . The present study was not able to confirm these findings because strong variations in patients' cognitive decline may have concealed the difference between fast decliners and more stable patients.
Finally, leptin levels may vary with sex (higher levels are usually found in women [47] ) or hour of the day (leptin is secreted in a pulsatile and circadian rhythm; the highest levels are found at midnight [19] ). These variations may have strong impacts on all studies that use leptin as indicator and contribute to result discrepancies, even though most of them (including ours) have measured leptin at a regular time of day for each included patient (i.e., early morning, fasting). Nevertheless, the major determinant of circulating leptin level remains the mass of adipose tissue mass; typically, hyperleptinemia is associated with obesity and central leptin resistance [39] . In rodents, it was established that ageing results in increased leptin secretion and adiposity [48] . The maintenance of increased fat indicates that obesity and ageing are both states of leptin resistance [38] . Thus, leptin levels alone may be insufficient to assess this adipokine effects in patients.
Adiponectin
In a recent study, Bednarska and colleagues reported significantly increased levels of adiponectin in all-cause dementia patients versus controls [29] . Here, the levels of adiponectin were significantly lower in mild than in major-NCD patients; no comparison was possible with healthy controls. Other studies have not reported such results [49] or have reported conflicting results [50] ; overall, the current literature is in favor of higher adiponectin levels in AD patients than in controls [45] . However, the role of adiponectin levels in predicting incident dementia or the speed of cognitive decline remains poor [17] ; the present study could not address this issue satisfactorily.
Circulating concentrations of adiponectin are inversely correlated with insulin resistance, metabolic syndrome, obesity, type 2 diabetes, and cardiovascular diseases [51] . Adiponectin would be a visceral adiposity marker [52] . Its levels were only moderately correlated with BMI and blood-brain barrier mechanisms are still unclear [16] . High levels of adiponectin have been shown to reduce the risk of type 2 diabetes [25] and increase the risk of all-cause and cardiovascular mortality in those with heart failure and those free of CVD [53] .
High-molecular-weight adiponectin is the main form of adiponectin but it is difficult to isolate [54] . This is why most studies have used total adiponectin assays. Kitagawa et al. have shown a weak association between high-molecular-weight adiponectin levels and later dementia [55] . Adiponectin receptors (AdipoR1 and R2) are widely found throughout the brain microvessels, hippocampus, hypothalamus, and brainstem [16] . However, high-molecular-weight adiponectin is not found in the cerebrospinal fluid [56] . This means that only the small molecular forms are able to cross the blood-brain barrier; this puts into question the relevance of peripheral adiponectin levels. Une et al. compared peripheral and cerebrospinal-fluid levels of total adiponectin in patients with MCI and AD and found that cerebrospinal-fluid adiponectin levels were higher in patients with MCI patients than in controls and that blood levels were higher in AD or MCI subjects than in controls [57] .
Predicting the speed of cognitive decline
For clinicians, one of the most important issues is to make a reliable prognosis regarding the speed of cognitive decline, for which our current assessment remains imprecise [58] . Age at dementia onset and vascular factors have notably shown to influence the speed of cognitive decline [59] . In our study, even though the mean speed of decline was consistent with previous findings [60] , we were unable to show differences between series of MMSE scores over time according to several predictive factors.
One main limitation of the present study is the very important variability between patients and slopes of cognitive decline. In the current care context, the patients admitted to the initial day-hospitalization assessment had strong heterogeneity at baseline with regards to cognitive status (MMSE ranging from 10 to 30). This made it difficult to observe specific trends in evolution of cognitive decline in any patient group.
Conclusion
This study shows that leptin and adiponectin have distinct levels in mild-NCD and major-NCD patients (respectively, lower and higher levels in majorNCDs). However, it does not support the hypothesis that these biomarkers could be predictors of progress of cognitive decline. The correlations between these two biomarkers and BMI are still not definitely established. Complementary data (e.g., on waist-to-hip ratio) and a better understanding of the regulation of body composition may help interpreting the role of adipokine levels within the context of neuro-cognitive disorders.
